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(54) Spread spectrum receiving apparatus 

(57) A receiving apparatus includes a base-band 
conversion circuit, a synchronizing circuit/code genera* 
tor and a demodulator. The base-band conversion cir- 
cuit converts a received signal into a base-band signal. 
The synchronizing circuit/code generator detects a 
spread code included in the received signal to generate 



a plurality of spread codes in synchronization with the 
spread code included in the received signal. The de- 
modulator uses the plurality of spread codes supplied 
by the synchronizing circuit/code generator to demodu- 
late the base-band signal. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a receiving appa- 
ratus for receiving a spread spectrum signal, specifically 
a multi-code spread spectrum signal. 

Related Background Art 

A spread spectrum communication system employ- 
ing a direct sequence spread method is a method of 
generating, from a base-band signal of a digital signal 
to be transmitted, a base-band signal having a signifi- 
cantly wide band width with respect to original data. This 
is accomplished by using a spread code sequence, such 
as a pseudo noise code (a PN code). Furthermore, mod- 
ulation, such as PSK (Phase Shift Keying) or FSK (Fre- 
quency Shift Keying), is performed to convert the base- 
band signal into an RF (Radio Frequency) signal so as 
to transmit the RF signal. A receiver unit uses the same 
spread code as that used in a transmitter unit to perform 
a despread operation to perform correlation with the re- 
ceived signal so as to convert the received signal into a 
narrow-band signal having a band width that corre- 
sponds to the original data. Then, a normal data demod- 
ulation is performed so that the original data is repro- 
duced. 

Since the spread spectrum communication system 
employs a significantly wide transmission band width 
with respect to the information band width as described 
above, the foregoing system cannot realize an unsatis- 
factorily low transmission speed as compared with a typ- 
ical narrow band width modulation system if the trans- 
mission band width is within a certain condition. To over- 
come the foregoing problem, a multi-code method has 
been employed. The foregoing method includes the 
steps of converting a high-speed information signal into 
low-speed parallel data, spread- modulating the parallel 
data in different spread code sequences so as to add 
data, and converting the data into an RF signal that is 
then transmitted, so that high speed data transmission 
is realized under a predetermined condition of the trans- 
mission band width without deterioration in the spread 
rate in the spread modulation. 

Fig. 24 shows the structure of a transmission mech- 
anism adapted to the foregoing method. Supplied data 
is converted into n parallel data items by a serial-parallel 
converter 301. Each converted data is, by a multiplier 
group consisting of n multipliers 302-1 to 302-n, multi- 
plied by n different spread code outputs from a spread- 
code generator 303 so as to be conve rted into wide band 
spread signals over n channels. Then, the outputs from 
the respective multipliers are added by an adder 304 so 
as to be provided to a high-frequency transmitter stage 
305. The added wide spread base-band signals are. by 
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the high-frequency transmitter stage 305, converted into 
a transmission frequency signal having an appropriate 
central frequency so as to be transmitted by a transmis- 
sion antenna 306. 

5 Fig. 25 shows the structure of a receiver. The signal 

received by an antenna 401 is appropriately filtered and 
amplified by a high-frequency signal processor 402 so 
as to be converted into a signal having an intermediate 
frequency. The intermediate-frequency signal is distrib- 

10 uted to n channels connected in parallel to correspond 
to the spread codes. In each channel, the correlation of 
the input signal with outputs from spread code generator 
group 404-1 to 404-n is detected in correlator group 
403-1 to 403-n so as to be despread, the spread code 

15 generator group 404-1 to 404-n corresponding to the 
channels of the correlator group 403-1 to 403-n. Syn- 
chronization of the despread signal is established at 
each channel in synchronizing circuit group 405-1 to 
405-n so that the code phases and clocks of the spread 

20 code generators are made to coincide with one another. 
The despread signals are also demodulated in demod- 
ulator group 406-1 to 406-n so that data is reproduced. 
Then, reproduced data is converted into serial data in 
serializer 407 so that the original information is repro- 

25 duced. 

However, since the correlator at each demodulation 
channel acts as the intermediate frequency stage, the 
conventional structure suffers from a problem in that the 
size of the circuit cannot be reduced. 

30 

SUMMARY OF THE INVENTION 

An object of the present invention is to reduce the 
size of a structure required for receiving a multi-code 
35 spread spectrum signal. 

Another object of the present invention is to accu- 
rately receive a multi-code spread spectrum signal. 

Another object of the present invention is to accu- 
rately synchronize a multi-code spread spectrum signal. 
40 Another object of the present invention is to realize 
high-speed communication. 

Another object of the present invention is to provide 
a spread spectrum signal receiving apparatus for, and 
a method of converting, a received signal into a base- 
45 band signal, detecting a spread code from the base- 
band signal, and demodulating the base-band signal on 
the basis of a plurality of spread codes in synchroniza- 
tion with the detection of the spread code. 

Other and further objects, features and advantages 
50 of the invention will be evident from the following de- 
tailed description of the preferred embodiments taken 
in conjunction with the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

Fig. 1 is a diagram showing the structure of a first 
embodiment of the present invention in which syn- 
chronization with a quasi-base-band signal is 
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established; 

Fig. 2 is a circuit diagram of the quasi-base-band 
conversion circuit 6A of Fig. 1 ; 
Figs. 3A and 3B are circuit diagrams of synchroniz- 
ing circuits comprising a sliding correlator and a 
delay locked loop circuit; 

Fig. 4 is a circuit diagram of the demodulator 7 A of 

Fig. 1 , formed by an analog circuit: 

Fig. 5 is another circuit diagram of the demodulator 

7A of Fig. 1 formed by a digital circuit: 

Fig. 6 is a circuit diagram of a correlator 713-1 

through 713-n of Fig. 5; 

Fig. 7 is a further circuit diagram of the demodulator 
7A of Fig. 1 , which is adapted to a case where 
despreading is performed after phase correction; 
Figs. 8A and 8B ; when taken together as shown in 
Fig. 8 show the structure of a second embodiment 
of the present invention in which synchronization 
with a quasi-base-band signal is established: 
Figs. 9A-9D are respective circuit diagrams of cir- 
cuits which may be used as the synthesizing circuit 
17 of Fig. 8B: 

Figs. 10A-10C are waveform graphs showing the 
outputs from the synthesizing circuit 17, the delay 
circuit 18 and the subtraction circuit 19 shown in Fig. 
8B: 

Figs. 11 A and 11B are circuit diagrams of circuits 
which may be used as the clock control circuit 20 of 
Fig. 8B: 

Fig. 1 2 is a circuit diagram of the correlators 1 5 and 
16 of Fig. 8B: 

Fig. 1 3 is a circuit diagram of a correlator which may 
be used as the correlators 23-1 through 23-n of Fig. 
8B: 

Fig. 14 is a circuit diagram showing a modification 
of the clock output circuit 200 of Fig. 8B: 
Fig. 15 is a waveform graph showing the output 
from the synthesizing circuit 17 shown in Fig. 14: 
Fig. 16 is a circuit diagram of the phase shifting cir- 
cuit 20H of Fig. 14: 

Fig. 17 is a diagram showing the structure of a third 
embodiment of the present invention in which syn- 
chronization with a base-band signal is established: 
Fig. 1 8 is a circuit diagram of the carrier reproducing 
circuit 5 of Fig. 17: 

Fig. 1 9 is a diagram showing the structure of a fourth 
embodiment of the present invention which 
includes a costas loop: 

Fig. 20 is a circuit diagram of the costas loop 51 of 
Fig. 19: 

Fig. 21 is a diagram showing the structure of a fifth 
embodiment of the present invention which is 
adapted to orthogonal modulation: 
Fig. 22 is a diagram showing the structure of the 
base-band conversion circuit 6B of Fig. 21: 
Figs. 23A and 23B when taken together as shown 
in Fig. 23 are diagrams showing the structure of a 
sixth embodiment of the present invention in which 
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synchronization with a base-band signal is estab- 
lished; 

Fig. 24 is a diagram showing the structure of a trans- 
mission system of the related art: and 
5 Fig. 25 is a diagram showing the structure of a trans- 

mission system of the related art. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

10 

Fig. 1 is a diagram showing the structure of a first 
embodiment of the present invention. Referring to Fig. 
1, reference numeral 1 represents an antenna, 2 repre- 
sents a high-frequency signal processor for processing, 

15 at a high frequency stage thereof, the signal received 
by the antenna 1 , 4B represents a synchronizing circuit 
for capturing and maintaining synchronization with the 
code and clock for the transmission unit: and a code 
generator for generating n spread codes for demodulat- 

20 jng data and spread codes for synchronization from a 
code synchronizing signal and a clock signal, 6A repre- 
sents a quasi-base-band conversion circuit for convert- 
ing the received signal into a quasi-base-band signal, 
7A represents a demodulator that uses the quasi-base- 

25 band signal transmitted from the quasi-base-band, con- 
version circuit 6A and n spread codes transmitted.from 
the code generator 4B to demodulate data, and 8frep- 
resents a parallel/serial conversion circuit for converting 
n parallel data items into serial data. 

30 Referring to Fig. 1, the signal received by the an- 
tenna 1 is supplied to the high-frequency signal proces- 
sor 2. The h igh-f requency signal processor 2 comprises, 
for example, an amplifier, a filter and a frequency.con- 
version circuit. Thus, the received signal is, in the high- 

35 frequency signal processor 2, appropriately amplified 
and filtered so that the high frequency component of the 
received signal is maintained as it is, or the same is con- 
verted into an intermediate frequency. The output from 
the high-frequency signal processor 2 is converted into 

-to a quasi-base-band signal by the quasi-base-band con- 
version circuit 6A. 

Fig. 2 shows an example of the quasi-base-band 
conversion circuit 6A. The signal supplied from the high- 
frequency signal processor 2 is branched into two sec- 

•*$ tions that are then received by multipliers 202 and 203. 
The multiplier 202 is also supplied with the output from 
a local oscillator 201 which generates a signal having a 
frequency that is substantially the same as the central 
frequency of the signal transmitted from the high-fre- 

50 quency signal processor 2, so that the in-phase compo- 
nent (Ich) is extracted by a low-pass filter 205. The mul- 
tiplier 203 is also supplied with the output from the local 
oscillator 201, the phase of the output being converted 
by an angular degree of 90° by a phase converter 204 

55 before the output is supplied to the multiplier 203 so that 
the orthogonal component (Qch) is extracted by a low- 
pass filter 206. 

The quasi-base-band signal transmitted from the 
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quasi-base-band conversion circuit 6A is supplied to the 
synchronizing circuit/code generator 4B and the demod- 
ulator 7A. The synchronizing circuit/code generator 4B 
uses a spread code PNr for synchronization to establish 
the synchronization of the code and clock with respect 
to those of the transmitted signal so as to transmit a code 
synchronizing signal and a clock signal. As the spread 
code PNr for synchronization, it is preferable that a code 
corresponding to one of a plurality of multiplex codes 
PNt toPNn is used. A code for only synchronization may 
be employed. The synchronizing circuit/code generator 
4B can be formed by using a sliding correlator and a 
delay locked loop circuit, as shown in Figs. 3A and 3B. 

Referring to Fig. 3A, multipliers 24311 and 2431 Q 
multiply a synchronizing spread code PNr supplied from 
a code generator 2436 and data in the channels Ich and 
Qch. The code generator 2346 generates a spread code 
PNr in accordance with the clock having substantially 
the same frequency as that of the transmission-side 
spread code. Integrators 2432I and 2432Q integrate the 
outputs from multipliers 2436I and 2436Q for one period 
of the spread code PNr. A synthesizing circuit 2433 syn- 
thesizes the outputs from the integrators 2432I and 
2432Q. The synthesizing circuit 2433 squares the out- 
puts from the integrators 2432! and 2432Q to add the 
foregoing outputs or obtain the square root of the result 
of the addition. As an alternative to this, the absolute 
values of the outputs from the integrators 2432I and 
2432Q may be added, or either of the outputs from the 
integrators 2432I or 2432Q may be selected. A peak de- 
tection circuit 2434 detects the peak of the output from 
the synthesizing circuit 2433. A discriminator 2435 in- 
structs the code generator 2436 to shift the code if no 
peak has been detected by the peak detection circuit 
2434. 

Referring to Fig. 3B, reference numeral 2455 rep- 
resents a shift register type code generator. When a 
clock is supplied from a VCO 2454, data in a leading bit 
(the m-th bit) is transmitted to a delay circuit 2456 and 
multipliers 2449I and 2449Q, and is also transferred to 
a final bit (the first bit) of the shift register. Data in the 
m-1 th bit of the shift register is transmitted to multipliers 
2448I and 2448Q, and is also shifted to the m-th bit of 
the shift register. Data in the m-2 th bit. that in the m-3 
th bit,..., data in the first bit of the shift register are re- 
spectively shifted to the left by one. 

The multipliers 2448I and 2448Q multiply data in the 
m-1 th bit and data in the channels Ich and Qch, while 
the multipliers 2449I and 2449Q multiply data in the m- 
th bit and data in the channels Ich and Qch. Integrators 
2450!, 2450Q. 24511 and 2451 Q integrate the outputs 
from the multipliers 2448I, 2448Q, 2449I and 2449Q for 
one period of the spread code PNr. A synthesizing circuit 
2452A synthesizes the outputs from the integrators 
2450I and 2450Q. while the synthesizing circuit 2452A 
synthesizes the outputs from the integrators 24511 and 
2451 Q. A subtractor/amplifier 2453 transmits a signal 
that corresponds to the difference between the output 



from the synthesizing circuit 2452A and that from the 
synthesizing circuit 2452B. A voltage control oscillator 
(VCO) 2454 oscillates at a frequency that corresponds 
to the output from the subtractor/amplifier 2453. The de- 

5 lay circuit 2456 delays the output of the n-th bit from the 
code generator 2455 by a half clock for transmission. 

The code generator 4B transmits, to the demodula- 
tor 7A : n spread codes PN-, to PN n for demodulation in 
synchronization with the output from the delay circuit 

10 2456. 

Quasi-base-band signals in the channels Ich and 
Qch transmitted from the quasi-base-band conversion 
circuit 6A are, together with the n spread codes PN1 
PNn for demodulating data transmitted from the code 

is generator 4B, supplied to the demodulator 7A so as to 
be correlated with each spread code for demodulating 
data so that n data items are demodulated. 

Fig. 4 shows a first example of the demodulator 7A. 
Signals in the channels Ich and Qch are respectively 

20 branched into n pieces so as to be supplied to multipliers 
701-1 to 701 -n and multipliers 7.02-1 to 702-n. The mul- 
tipliers 701-1 to 701 -n and multipliers 702-1 to 702-n are 
respectively supplied with the spread codes PN1 
PNn so that the signals in the respective channels and 

25 the spread codes are multiplied. The outputs from the 
multipliers 701-1 to 701 -n are respectively filtered by 
low-pass filters 703-1 to 703-n so that the correlation is 
detected by the respective spread codes so as to be de- 
spread. Similarly, the outputs from the multipliers 702-1 

30 to 702-n are respectively filtered by low-pass filters 
704-1 to 704-n so that the correlation is detected by the 
respective spread codes so as to be despread. 

Both signals in the channels Ich and Qch, which are 
despread by the same spread code are supplied to dis- 
ss criminators 705-1 to 705-n so that data is discriminated 
and, thus, parallel demodulated data is obtained. As the 
discriminators, delay wave-detectors or the like may be 
employed that perform the discrimination by performing 
a comparison of the phase of a given signal with the 

40 phase of the immediately prior signal. 

N parallel outputs from the demodulator 7A are, by 
the parallel/serial conversion circuit 8, converted into se- 
rial data for transmission. 

Fig. 5 shows a second example of the demodulator 

^5 7A. The embodiment shown in Fig. 5 has a structure 
such that a reproducing clock and a code phase syn- 
chronizing signal are supplied to the demodulator 7A 
from the synchronizing circuit/code generator 4B. The 
reproducing clock is in a form delayed by a half clock 

50 from the output of the VCO 2454 shown in Fig. 3B. The 
code phase synchronizing signal is a signal that is trans- 
mitted at every period after a half clock from the code 
start in the code generator 2455. 

Referring to Fig. 5. the supplied signals in the chan- 

55 nels Ich and Qch are converted into digital signals, each 
having a resolving power of a single bit or plural bits, by 
A/D converters 711 and 712, the basic period of which 
is the same as the reproducing clock. The digital signal 
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is distributed into n pieces so as to be supplied, together 
with a plurality of spread codes transmitted by the code 
generator 4B, to the correlators 71 3-1 to 71 3-n and cor- 
relators 714-1 to 71 4-n so that their correlations are cal- 
culated. Fig. 6 shows an example of the structure of the 
correlators 713 and 714. 

Referring to Fig. 6, the uppermost bit MSB (code 
bit) of a single bit or plural-bit digital signal transmitted 
by the A/D converter 711 or 712 is, in an exclusive OR 
circuit 901, subjected to a calculation for obtaining an 
exclusive OR with a plurality of spread codes transmit- 
ted from the code generator 4B, and is supplied to an 
adder 902 together with the other bits. In the adder 902, 
the supplied signal and the output from a register 903 
are added at each reproducing clock so as to be respec- 
tively transmitted to the register 903. The register 903 
is reset simultaneously with the input of each spread sig- 
nal, and the results of the addition of the received signals 
and the spread codes are stored for one period of the 
spread code. Therefore, when the final bit in one period 
of the spread code has been supplied, the correlation 
value of the spread code for one period and the received 
signal are stored. 

Data of the foregoing correlation value is discrimi- 
nated by ensuing discrimination circuits 715-1 to 71 5-n 
(Fig. 7) so that n demodulated data items are obtained. 
N demodulated parallel data items are converted into 
serial data by a serializer 8. 

Fig. 7 shows a third embodiment of the demodulator 

7A. 

Referring to Fig. 7, the supplied signals in the chan- 
nels Ich and Qch are, in the A/D converters 711 and 712 
the basic period of which is the reproducing clock, con- 
verted into digital signals each having a resolving power 
of a single bit or plural bits. The quantity of the phase 
shift of the digital signal from the phase of zero degrees 
is detected by a phase detection circuit 717, and is then 
supplied toa phase correction circuit 7 16. In accordance 
with the quantity of the phase shift, data in the channels 
Ich and Qch is converted into data modulated by zero 
degrees to 1 80 degrees. The output from the phase cor- 
rection circuit 716 is distributed into n pieces so as to be 
supplied to the correlators 71 3-1 to 71 3-n together with 
a plurality of spread codes transmitted from the code 
generator 4B so that their correlations are calculated. 
Data of the correlation values is discriminated in the en- 
suing discrimination circuits 715-1 to 71 5-n so that n de- 
modulated data items are obtained. 

In the foregoing first embodiment, the output from 
the demodulation circuit is converted into series data by 
the parallel/serial conversion circuit. However, the par- 
allel/serial conversion circuit may be omitted and the 
output may therefore be transmitted as a plurality of par- 
allel data items. 

In the first embodiment, signals in the channels Ich 
and Qch that have been orthogonally converted are syn- 
thesized to discriminate one received data item. There- 
fore, received data can accurately be discriminated 



even if the conversion into the quasi-base-band signal 
has not been performed accurately. The foregoing effect 
is similar to the following embodiments. 

Figs. 8A and 8B show the structure of a second em- 

s bodiment of the receiving apparatus according to the 
present invention. Referring to Figs. 8A and 8B, refer- 
ence numeral 1 represents an antenna, and 2 repre- 
sents a high-frequency signal processor. Reference nu- 
meral 6A represents a conversion circuit for converting 

10 the received signal into a quasi-base-band signal, the 
conversion circuit 6A having the same structure as that 
shown in Fig. 2. Reference numeral 7B represents a de- 
modulator. Reference numerals 13 and 14 represent 
A/D converters, 200 represents a clock output circuit, 

is 1 5 and 1 6 represent correlators for establishing the cor- 
relations with desired spread code PNr, 17 represents 
a synthesizing circuit for synthesizing the correlated out- 
puts from the two correlators 15 and 16, 18 represents 
a delay circuit for delaying, by a predetermined time (the 

20 time corresponding to about one to two chips (bits) of 
the spread code), the output from the synthesizing cir- 
cuit 17, 19 represents a subtraction circuit for subtract- 
ing the output from the synthesizing circuit 17 and that 
from the delay circuit 18, and 20 represents a clock con- 

25 trol circuit that receives the output from the subtraction 
circuit 1 9 to control the phases of sampling clocks to be 
supplied to the A/D converters 13 and 14. Reference 
numerals 23-1 to 23-n represent correlators for estab- 
lishing the correlation among the input signal and the 

30 spread codes PN1 to PNn. Reference numeral 24-1 to 
24-n represent data discrimination circuits, and 25 rep- 
resents a peak detection circuit for detecting the peak 
of the output from the synthesizing circuit 17. 

Referring to Figs. 8A and 8B, the operation of the 

35 apparatus according to this embodiment will now be de- 
scribed. Received signal r(t)-exp(icot) is subjected to am- 
plification and filtering in the high-frequency signal proc- 
essor 2, and therefore has the input frequency convert- 
ed intoan intermediate frequency which is branched into 

40 two pieces so as to be respectively supplied to a first 
frequency converter 202 and a second frequency con- 
verter 203 so that signals ^ (t) and r Q (t) in the base band 
region and orthogonal to each other are transmitted. As- 
suming that the phase difference between the received 

45 signal and the output signal from the oscillator 201 is a. 
the two signals are expressed as follows: 
r , (t) = r(t) cos a 

r Q (t) = r(t) sin a 

50 Then, the signals r^t) and r Q (t) in the base band 
region are sampled with at a frequency that is two times 
or higher than the chip speed of the spread code by the 
A/D converters 13 and 14 so as to be supplied to the 
correlators 15 and 16. in which correlation-calculations 

55 with a desired spread code PNr are performed. The de- 
sired spread code PNr is usually the same as the spread 
code for use in the spread modulation in the transmis- 
sion unit, that is. the same as any one of PN1 to PNn or 



5 



BNSDOCID: <EP_0708534A3J^ 



EP 0 708 534 A2 



10 



the code for only synchronization. Assuming that the 
outputs from the correlators 1 5 and 16 are respectively 
c-, (t) and c Q (t), the outputs are expressed as follows: 
c, (t) = c(t)cos a 

c Q (t) = c(t)sin a 
where c(t) is the output when signal r(t) is supplied to 
the correlators 15 and 16. 

The outputs c^t) and c Q (t) from the two correlators 
1 5 and 1 6 are synthesized in the synthesizing circuit 1 7. 
One example of the synthesizing circuit 17 is shown in 
Fig. 9A. Referring to Fig. 9A : the outputs c^t) and c Q (t) 
from the two correlators 15 and 16 are respectively 
squared and then added so as to obtain the square root. 
As a result of the calculation for obtaining the square 
root, the absolute output of c(t) can be obtained. Other 
examples of the synthesizing circuit 17 are shown in 
Figs. 9B, 9C and 9D. In Fig. 9B, the calculation for ob- 
taining the square root in Fig. 9A is omitted to reduce 
the number of calculations. In Fig. 9C, calculations for 
obtaining the absolute value are performed in place of 
the calculations for obtaining the square root so that the 
number of calculations are further reduced as compared 
with the structure shown in Fig. 9B. In Fig. 9D : a selector 
for selecting either of the two signals is provided in place 
of performing the addition so that the number of calcu- 
lations is still further reduced as compared with the 
structure shown in Fig. 9C. 

The output from the synthesizing circuit 17 is 
branched into two pieces so that subtraction of the sig- 
nal allowed to pass through the delay circuit 1 8 from the 
signal that is not allowed to pass through the delay cir- 
cuit 18 is performed in the subtraction circuit 19. Refer- 
ring to Figs. 10A-10C : the operation will now be de- 
scribed in detail. Figs. 10A-10C show an example in 
which 1 chip (bit)-2 sampling is performed and the quan- 
tity of delay of the delay circuit 18 is 1 chip, that is, 2 
sampling, and black dots show the sampling points. 
Dashed lines indicate the analog quantities, that is, the 
case where the sampling frequency is infinite. In a case 
where the phase of the sampling clock is delayed as 
shown in Fig. 10A, the quantity of delay from point t 0 , at 
which the output from the synthesizing circuit 1 7 is made 
maximum in one period to the half of the delay circuit 
18, that is, the output from the subtraction circuit 19 at 
point tj after 1/2 bit (1 sampling) is negative. In a case 
where the phase of the sampling clock is ahead as 
shown in Fig. 10B, the output from the subtraction circuit 
19 at point t 1 is positive. Furthermore, since the level of 
the output indicates the degree of the shift, control is 
performed so that the output from the subtraction circuit 
1 9 at point t 1 approaches zero, which enables the clock 
phase to be synchronized. 

Accordingly, the output from the subtraction circuit 
19 is received at point t 1 (that is, the time (detected by 
a peak detection circuit 25) at which the maximum value 
in one period of the output from the synthesizing circuit 
19 is given to the time after the half of the quantity of 



delay of the delay circuit 1 8), and the phase of the sam- 
pling clock is controlled by the clock control circuit 20 so 
that the clocks are synchronized. 

The clock control circuit 20, as shown in Fig. II A, 

s comprises, for example, a delay circuit 20A, a latch 20B, 
a filter 20C, a digital/analog (D/A) converter 20D and a 
voltage control oscillator (VCO) 20E. The order of the 
filter 20C and the digital/analog (D/A) converter 20D 
may be changed. Another example of the clock control 

10 circuit 20 may be employed, as shown in Fig. IIB, in 
which the phase of the signal transmitted from a refer- 
ence signal generator 20F is shifted by the output from 
the subtraction circuit 19 so as to transmit it as clocks. 
The delay time realized by the delay circuit 20A is 

is half of the delay time realized by the delay circuit 18. 
The latch 20B latches the output from the subtraction 
circuit 19 when the delay time realized by the delay cir- 
cuit 20A has passed from the peak of the output from 
the synthesizing circuit 17. The clock control circuit 20 

20 so controls the clocks as to reduce the output from the 
latch 20B. 

In this embodiment, if synchronization has been es- 
tablished, the outputs from the two A/D converters 1 3 
and 14 (Fig. 8A) are thinned to 1 chip (bit)-1 sampling 

25 by a thinning/synthesizing circuit 22 so that the phase 
difference a between the received signal and the output 
signal from the oscillator is corrected. The synthesis is 
performed similarly to that performed by the phase cor- 
rection circuit 716 shown in Fig. 7 such that calculation 

30 ^ (t)cos a + r Q (t)sin a is performed. The output from the 
thinning/synthesizing circuit 22 is branched into n pieces 
so that correlation with n different spread codes PIS^ to 
PN n used in the spread demodulation in the transmis- 
sion unit is established in n correlators 23-1 to 23-n, fol- 

35 lowed by being respectively demodulated by data dis- 
crimination circuits 24-1 and 24-n so that n demodulated 
data items are obtained. The data discrimination circuits 
24-1 to 24-n discriminate data for each period of the 
spread code in synchronization with the peak detected 

40 by the peak detection circuit 25. 

As a result of the structure according to this embod- 
iment, the shift of the sampling clock can be corrected 
by a small-size structure. Furthermore, since the thin- 
ning/synthesizing circuit 22 thins data to 1 chip (bit)-1 

45 sampling, the size of each of the ensuing n correlators 
23-1 to 23-n can be reduced. 

In the second embodiment, the serial-parallel con- 
verter for converting high-speed data into a plurality of 
parallel data items is added to the transmission unit, and 

so the serializer for converting a plurality of demodulated 
parallel data items into serial data is added to the re- 
ceiving unit. Thus, data can be transmitted at high 
speed. 

In the second embodiment, information can be 
55 transmitted by orthogonal modulation, if orthogonal 
modulation is performed, information is converted into 
an orthogonal signal, the phase difference a. of which 
has been corrected by the thinning/synthesizing circuit 
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22, so as to establish the correlation in the n correlators 
so that the data is discriminated. 

Fig. 1 2 shows the structure of the correlators 1 5 and 
16 for use in the case of 1 chip (bit)-2 sampling. If the 
spread code is m bits, a shift register 1 5A is a 2 x m bits 
shift register that shifts, by each bit, the outputs from the 
A/D converters 13 and 14 in synchronization with the 
clock CLK supplied from the clock control circuit 20. The 
correlators 1 5 and 1 6 further comprise 2 x m multipliers 
for multiplying data stored in the shift register 15A and 
each bit of the spread code (a-,, a 2 , a 3 ,..., a m ); and an 
adder 1 5C for adding the outputs from the multiplier 1 5B 
so as to transmit the added outputs as correlated values. 

Fig. 13 shows the structure of the correlators 23-1 
to 23-n (Fig. 8B). Reference numeral 23A represents a 
m-bit shift register, 23B represents m multipliers for mul- 
tiplying data stored in the shift register 23A and each bit 
of the spread codes (a l5 a 2 , a 3 ,..., a m ) : and 23C repre- 
sents an adder for adding the outputs from the multiplier 
23B to transmit the result as a correlated value. The 
adder 23C, at each period of the spread code, transmits 
the result of the addition in accordance with the peak 
detection performed by the peak detection circuit 25. 
The correlators 23-1 to 23-n respectively receive differ- 
ent spread codes, whereas the correlators 15 and 16 
receive the same spread code. 

The structure of the correlators 23-1 to 23-n may be 
structured as shown in Fig. 6. 

Note that the correlators 15 and 16 use the output 
clock CLK supplied from the clock control circuit 20 to 
perform calculations for establishing the correlation. 
That is, assuming that the frequency of the output clock 
from the clock control circuit 20 is f c , the correlators 15 
and 1 6 perform the calculations for establishing the cor- 
relations in synchronization with the clock CLK having 
the frequency f c . 

The correlators 23-1 to 23-n use clocks obtained by 
halving the output clock CLK from the clock control cir- 
cuit 20 to perform the calculations for establishing the 
correlations. That is, the correlators 23-1 to 23-n per- 
form the calculations for establishing the correlations in 
synchronization with the clock which is the half (if 1 chip 
(bit)-f sampling is employed, 1/f) of the frequency f c . 

Note that the clocks to be supplied to the correlators 
23-1 to 23-n are generated by dividing the output clocks 
from the clock control circuit 20 so that the correlation 
calculation is performed when the peak is generated in 
the output from the synthesizing circuit 17 (at time Xq 
shown in Fig. 10C). 

The thinning/synthesizing circuit 22 thins and syn- 
thesizes the outputs from the A/D converters 1 3 and 1 4 
to 1 clock-1 sampling so as to cause the outputs from 
the A/D converters 13 and 14 to be transmitted while 
being synthesized when the peak is generated in the 
output from the synthesizing circuit 17. 

As described above, since the clock frequencies of 
the despreading correlators 23-1 to 23-n are made lower 
than the clock frequencies of the correlators 15 and 16 



for correctly sampling the received signal, sampling can 
be performed accurately and despreading can be real- 
ized by a small-size structure. 

It is preferable that the quantity of delay realized by 

5 the delay circuit 1 8 is the time that corresponds to about 
1 to 2 chips of the spread code, as described above. 
Although the quantity of delay may be one chip in a state 
where about 1 chip (bit)-2 sampling structure is em- 
ployed, it is preferable that the quantity of delay be 2 

10 chips if the sampling frequency is high. 

Fig. 14 shows another example of the clock output 
circuit 200 (see Fig. 8B). Referring to Fig. 14, the same 
elements as those shown in Fig. 8B are given the same 
reference numerals. 

is Reference numeral 20! represents a peak shift de- 
tection circuit for detecting the quantity of the peak shift 
from the output from the synthesizing circuit 1 7, 20F rep- 
resents a reference signal generating circuit, and 20H 
represents a phase shifting circuit that receives the out- 

20 put from the peak shift detection circuit 20I to generate 
a sampling clock that shifts the phase of the output sig- 
nal from the reference signal generating circuit 20F to 
supply the phase-shifted clock to the A/D converters 1 3 
and 14 (Fig. 8A). 

25 The output from the synthesizing circuit 17 is sup- 
plied to the peak shift detection circuit 20I so that the 
quantity of the peak shift is transmitted. The operation 
will now be described in detail with reference to Fig. 15. 
Fig. 1 5 shows an example in which a 1 chip (bit)-2 sam- 

30 pling method is employed, and sampling points near the 
peak output are indicated by black dots. Dashed lines 
showthe case of a continuous-time sampling. If the con- 
tinuous-time sampling is performed, the correlation 
peak is in the form of an isosceles triangle as indicated 

35 by a dashed line. Since discrete time sampling takes 
place due to A/D conversion, a discrete value having a 
sampling period Ts as indicated by the black dots is re- 
alized. Accordingly, maximum value a 0 in one period of 
the output from the synthesizing circuit 17 is detected, 

40 and a shift AT between the time, at which the maximum 
value oc 0 is taken, and the true peak position is obtained 
from values a- and a+ at the sampling points before and 
after the time at which the maximum value a 0 is taken 
by using the following equation: 

45 4"I7T S = (a- - a+)/(2 • Aa) 

where Aa is the larger of (oc 0 - a-) or (a 0 - a+). 

The phase shifting circuit 20H (Fig. 14) shifts the 
phase of the output from the reference signal generator 
20F in accordance with the quantity of the shift transmit- 
ted by the peak shift detection circuit 20I to transmit the 
sampling clock, that has been synchronized, to the A/D 
converters 13 and 14. 

An example of the phase shifting circuit 20H is 
shown in Fig. 16. In Fig. 16, the delay circuits are con- 
tinuously connected to generate a plurality of signals 
having different amounts of delay which are selected by 
a selector. 
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If a highly-stable oscillator such as a TCXO (Tem- 
perature Compensation Crystal Oscillator), is used as 
the reference signal generator 20F and a clock is select- 
ed from 8 to 16 signals having different amounts of de- 
lay, synchronization can be established accurately. In 5 
particular, a significant effect can be obtained in the 
transmission such as packet transmission, in which the 
data length is limited. 

When the clock synchronization has been estab- 
lished, the synthesizing circuit 17 extracts the output 10 
from the two correlators 15 and 16 at point tl so as to 
obtain the amplitude and/or phase from the two signals 
so that demodulation of data is performed. 

By detecting the shift of the peak by the peak shift 
detection circuit 20! plural times to detect the average '5 
value, a central value or the most probable frequency, 
influence of noise can be determined. 

Fig. 17 shows the structure of a third embodiment 
of the present invention. Referring to Fig. 17, reference 
numeral 1 represents an antenna, 2 represents a high- 20 
frequency signal processor for processing, at a high fre- 
quency stage thereof, the signal received by the anten- 
na 1, 4 represents a synchronizing circuit for capturing 
and maintaining the synchronization with the code and 
clock in the transmission side; and a code generator for 25 
generating n spread codes for demodulating data and 
spread codes for synchronization from a code synchro- 
nizing signal and a clock signal, 5 represents a carrier 
reproducing circuit for extracting a carrier from the re- 
ceived signal, 6 represents a base-band conversion cir- 30 
cuit for converting the received signal into a base-band 
signal by using the reproducing carrier, 7 represents a 
demodulator that uses the base-band signal transmitted 
from the base-band conversion circuit 6 and n spread 
codes transmitted from the code generator 4 to demod- 35 
ulate data ; and 8 represents a parallel/serial conversion 
circuit for converting n parallel data items into serial da- 
ta. 

Referring to Fig. 17, the signal received by the an- 
tenna 1 is supplied to the high-frequency signal proces- 40 
sor 2. The received signal is then converted into an in- 
termediate frequency by the high-frequency signal proc- 
essor 2. The output from the high-frequency signal proc- 
essor 2 is supplied to the carrier reproducing circuit 5 
and the base band conversion circuit 6. 45 

The carrier reproducing circuit 5 extracts the carrier 
from the output from the high-frequency signal proces- 
sor 2. Fig. 18 shows an embodiment of the structure of 
the carrier reproducing circuit 5. The input signal is 
squared by a squaring circuit 261 , a filter 262 extracts so 
the carrier having the doubled frequency, and a PLL 263 
halves the same, so that the carrier is reproduced. The 
reproduced carrier is supplied to the base-band conver- 
sion circuit 6 so that the output from the high-frequency 
signal processor 2 is converted into a base-band signal. 55 
The base-band conversion circuit 6 comprises, for ex- 
ample, a mixer for multiplying the output from the high- 
frequency signal processor 2 and the output from the 
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carrier reproducing circuit 5, and a low-pass filter for re- 
moving unnecessary components from the output from 
the mixer. The carrier reproducing circuit 5 will be de- 
scribed later with reference to Fig. 28. 

The base-band signal transmitted from the base- 
band conversion circuit 6 is supplied to a synchronizing 
circuit/code generator 4 and a demodulator 7. The syn- 
chronizing circuit/code generator 4 uses the spread 
code PNr for synchronization to establish the synchro- 
nization of the code and the clock with respect to those 
of the transmitted signal. It is preferable that spread 
code PNr for synchronization be a selected code that 
corresponds to one of a plurality of multiplexed codes. 
The synchronizing circuit/code generator 4 has a similar 
structure to that according to the first embodiment 
shown in Fig. 3. Since no orthogonal component exists, 
the circuit corresponding to Qch and the synthesizing 
circuits 2433, 2452A and 2452B are not required. After 
the synchronization has been established, the code 
generator 4 generates n spread codes PN1 PNn for 
demodulating data, the clock and code phase of which 
coincide with those of the received signal. 

The n spread codes PN1 PNn for demodulating 
data transmitted by the code generator 4 are, together 
with the base-band signal transmitted by the base-band 
conversion circuit 6, supplied to the demodulator 7 so 
that the correlations with the base-band signals are cal- 
culated. Thus, n data items are demodulated. 

The demodulator 7 may have a structure similar to 
that shown in Fig. 4. Since no orthogonal component 
exists, the circuits 702-1 through 702-n and 704-1 
through 704-n corresponding to Qch are not required. 

The demodulator 7 may have a structure similar to 
that shown in Figs. 5 and 6. Since no orthogonal com- 
ponent exists, the circuits 712 and 714-1 through 714-n 
corresponding to Qch are not required. 

Fig. 19 shows the structure of a fourth embodiment 
in which a costas loop 51 is provided in place of the car- 
rier reproducing circuit 5 and the base-band conversion 
circuit 6. Referring to Fig. 19, the same elements as 
those according to the third embodiment shown in Fig. 
17 are given the same reference numerals. 

Fig. 20 shows the structure of the costas loop. Re- 
ferring to Fig. 20, the input signal is branched into two 
pieces so as to be respectively transmitted to mixers 461 
and 462. The mixer 461 is also supplied with the output 
from a voltage-control oscillator 465, while the mixer 462 
is supplied with the output from the voltage-control os- 
cillator 465 after the output has been allowed to pass 
through a phase converter 464. The mixer 461 transmits 
the same phase component (Ich) as that of the input sig- 
nal, while the mixer 462 transmits the orthogonal com- 
ponent (Qch). The foregoing output signals are respec- 
tively supplied to low-pass filters 463 and 464, followed 
by being supplied to a mixer 468. The output from the 
mixer 468 is allowed to pass through a loop filter 467 so 
as to be fed back to the voltage-control oscillator 465. 
As a result of the foregoing structure, the carrier of the 
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input signal is reproduced by the voltage-control oscil- 
lator 465, while the base-band signal is transmitted from 
the low-pass filter 463. The foregoing base-band signal 
is supplied to the demodulator 7. 

Fig. 21 shows the structure of a fifth embodiment of 
the receiving apparatus according to the present inven- 
tion. In this embodiment, the same elements as those 
according to the third embodiment are given the same 
reference numerals. The fifth embodiment is adapted to 
a case where the transmission signal is an orthogonal 
modulation signal. The orthogonal modulation signal 
can be obtained by modulating the signals in the two 
channels, that is, the channels Ich and Qch, by carrier 
waves that are orthogonal to each other and by synthe- 
sizing the modulated signals. 

Referring to Fig. 21 , since the antenna 1 , the high- 
frequency signal processor 2, and the synchronizing cir- 
cuit/code generator 4 are the same as those according 
to the third embodiment, their descriptions are omitted. 
A carrier reproducing circuit 5A has a structure in which 
it multiplexes the input signal by, for example, four, fol- 
lowed by causing the same to pass through the filter, 
and then the same is divided by four. The reproducing 
carrier transmitted from the carrier reproducing circuit 
5A is supplied to the base-band conversion circuit 6B 
so that the input signal from the high-frequency signal 
processor 2 is converted into base-band signals in the 
two channels, that is, the channels Ich and Qch. 

Fig. 22 shows an example of the structure of the 
base-band conversion circuit 6B. The input signal is 
branched into two pieces so as to be respectively trans- 
mitted to mixers 361 and 362. In the mixer 361 , the re- 
producing carrier from the carrier reproducing circuit 5A 
is multiplied, followed by being allowed to pass through 
a low-pass filter 364. Thus, the same phase component 
(Ich) of the input signal is extracted. The mixer 362 is 
supplied with the reproducing carrier through a 90°- 
phase converter 363 so as to be multiplied by the input 
signal, followed by being allowed to pass through a low- 
pass filter 365. Thus, the orthogonal component (Qch) 
of the input signal is extracted. 

The base-band signals in the channels Ich and Qch 
are, together with n spread codes PN1 PNn for de- 
modulating data transmitted by the code generator 4, 
supplied to demodulators 71 and 7Q so as to be corre- 
lated with the respective spread codes for demodulating 
data. Thus, n data items are demodulated. 

The demodulators 71 and 7Q have the same struc- 
tures as those according to the third embodiment shown 
in Fig. 17. 

N parallel data items demodulated by the demodu- 
lators 7\ and 7Q are supplied to the serializer 8 so as to 
be converted into serial data that is then transmitted. 

According to this embodiment, information is car- 
ried on the two channels, that is. the channels Ich and 
Qch. Therefore, information transmission capacity that 
is twice that realized in the third embodiment can be ob- 
tained. 



The channel Qch may be used for establishing syn- 
chronization in place of transmitting data information. In 
the foregoing case, the demodulator 7Q is not required. 
The foregoing structure eliminates the influence of data 

5 information on the synchronizing information, and stable 
synchronization can be realized. 

Figs. 23A and 23B show the structure of a sixth em- 
bodiment of the receiving apparatus according to the 
present invention. In this embodiment, the same ele- 

10 ments as those according to the second embodiment 
shown in Fig. 8 are given the same reference numerals. 
In this embodiment, a base-band conversion circuit 6 
and a carrier reproducing circuit 5 are provided in place 
of the quasi-base-band conversion circuit 6A. In this em- 

15 bodiment, the peak detection circuit 25 detects the peak 
of the correlator 15. The delay circuit 1 8 delays the out- 
put from the correlator 15, while the subtraction circuit 
19 subtracts the output from the delay circuit 18 from 
the output from the correlator 1 5. 

20 A thinning circuit 22A halves the output from the A/D 

converter 13. The thinning circuit 22A thins the output 
from the A/D converter so that the output from the A/D 
converter 13 is transmitted to the correlators 23-1 to 
23-n when the output from the correlator 15 generates 

25 a peak. 

The structure of the carrier reproducing circuit 5 is 
the same as that shown in Fig. 1 8. The operations of the 
A/D converter 1 3, the clock control circuit 20, the corre- 
lators 23-1 to 23-n and the data discrimination circuits 

oo 24-1 to 24-n are the same as those according to the sec- 
ond embodiment shown in Fig. 8. 

In Figs. 23A and 23B, a clock output circuit 200A 
may have the structure similar to that shown in Fig. 14. 
In the foregoing case, since the Qch is omitted, the cor- 

35 relator 16 and the synthesizing circuit 17 are not re- 
quired. 

In this embodiment, the peak shift detection circuit 
20I obtains a shift AT between the maximum value a 0 
(see Fig. 1 5) of the output from the correlator 1 5 and the 

40 true peak value. The phase shifting circuit 20H shifts the 
output clock from the reference signal generator 20F in 
accordance with the shift AT. 

Although the invention has been described in its 
preferred form with a certain degree of particularity, it is 

45 understood that the present disclosure of the preferred 
form can be changed in the details of construction and 
the combination and arrangement of parts may be 
changed without departing from the spirit and the scope 
of the invention as hereinafter claimed. 

50 

Claims 

1. A receiving apparatus for receiving a multi-code 
55 spread spectrum signal, said receiving apparatus 

comprising: 

detection means (4B. 200. 4. 200A) for detect- 
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ing a spread code included in the received sig- 
nal; and 

demodulation means (7A S 7B, 7, 71, 7Q) for 
demodulating the received signal in accord- 
ance with a plurality of spread codes in syn- 
chronization with a detection performed by said 
detection means, 

characterized by conversion means (6A, 6, 19, 
6B) for converting a received signal into a base- 
band signal: and 

said detection means detects the spread code 
from the base-band signal; and 
said demodulating means demodulates the 
base-band signal in accordance with the plural- 
ity of spread codes. 

A receiving apparatus according to Claim 1, 
wherein said conversion means includes a local 
oscillator (201). 

A receiving apparatus according to Claim 1, 
wherein said conversion means converts the 
received signal into two base-band signals having 
different phases. 

A receiving apparatus according to Claim 1 , 
wherein said demodulation means comprises: 

analog/digital conversion means (711 , 71 2, 13, 
14) for analog/digital converting the base-band 
signal; 

calculation means (902, 23B) for calculating an 
output from said analog/digital conversion 
means and the plurality of spread codes: 
integrating means (903 : 23C) for integrating the 
output from said calculation means for one 
period of the spread code; and 
discrimination means (715, 24) for discriminat- 
ing the received signal in accordance with an 
output from said integrating means. 

A receiving apparatus according to Claim 1 : 
wherein said detection means detects the spread 
code in response to a first clock, and said demod- 
ulation means performs demodulation in response 
to a second clock, the frequency of which is lower 
than that of the first clock. 

A receiving apparatus according to Claim 1 . 
wherein said conversion means includes an ana- 
log/digital conversion means (13, 14) for ana- 
log/digital converting the base-band signal, and 

said demodulation means (22, 22A) includes 
means for thinning an output from said ana- 
log/digital conversion means. 

A receiving apparatus according to Claim 1. 



wherein said detection means comprises: 

sampling means (13,14) for sampling the base- 
band signal: 

s correlation means (15, 16) for causing an out- 

put from said sampling means and the spread 
code to correlate with each other; 
delay means (18) for delaying an output from 
said correlation means: and 

w supply means (20) for supplying a sampling 

clock to said sampling means in accordance 
with the difference between an output from said 
correlation means and an output from said 
delay means. 

15 

8. A receiving apparatus according to Claim 1 , 
wherein said detection means comprises: 

sampling means (13,14) for sampling the base- 

20 band signal: 

correlation means (15, 16) for causing an out- 
put from said sampling means and the spread 
code to correlate with each other: 
shift detection means (201 ) for detecting a shift 

25 in sampling of a peak of correlation in accord- 

ance with an output from said correlation 
means: and 

supply means (20) for supplying a sampling 
clock to said sampling means in accordance 
30 with the shift detected by said shift detection 

means. 

9. A receiving apparatus according to Claim 1, 
wherein said conversion means includes reproduc- 
es ing means (5, 5A) for reproducing a carrier of the 

received signal. 



10. 
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A receiving apparatus according to Claim 1 , 
wherein said conversion means includes a costas 
loop (51). 



45 
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11. A receiving apparatus according to Claim 3, 
wherein said demodulation means demodulates 
each of the two base-band signals to demodulate a 
signal that has been orthogonally modulated. 

12. A method of receiving a multi-code spread spec- 
trum signal, said method comprising the steps of: 

converting a received signal into a base-band 
signal: 

detecting a spread code included in the 
received signal: and 

demodulating the received signal on the basis 
of a plurality of spread codes in synchronization 
with a detection performed in said detecting 
step, 

wherein the spread codes are detected from 
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the base-band signal, and the received signal 
which is converted into said base-band signal 
being demodulated in accordance with the plu- 
rality of spread codes. 

5 



w 



15 



20 



25 



30 



35 



40 



45 



50 



BNSOOCID- <EP 0708534A2J_> 



11 



0^ EP 0 708 534 A2 



oo 



o 



c 
Z 

a. 





BNSOOCI D* <EP 0708534A2J_> 



12 



EP 0 708 534 A2 



FIG. 2 



202 



INPUT 
SIGNAL 




201 






204 




/ 


PHASE CONVERTER 




203 



205 

/ 

LPF 



Ich 




X 



206 



LPF 



Qch 



13 



EP 0 708 534 A2 



V 



< 

en 
O 

I— I 




14 



EP 0 708 534 A2 



PQ 

CO 

6 

I— I 





15 

BNSDOCID: <EP 0708534A2J_> 




BNSDOCID: <EP 



16 



# 



EP 0 708 534 A2 



OS 
O 

< 



os 

oo 

3 



d 



os 
O 
H 
< 



os 
U 

00 



I 



i 

to 



CO 



OS 




OS 


O 




o 


H 






< 




< 






—J 


PJ 




uj 


os 




as 


OS 




OS 


o 




o 


u 







OS 

o 

< 

z 



OS 
U 
oo 



OS 




OS 


o 




o 








< 




< 


-J 




-J 


UJ 




UJ 


OS 




OS 


OS 




OS 


o 




o 






u 



OS 




OS 


o 




o 








< 




< 






-J 


UJ 




UJ 


OS 




OS 


OS 




OS 


O 




o 


o 




u 




o 

O < 
P CJ < Q CJ 



BNSOOCID- <£P 070S534A2J^> 



17 



EP 0 708 534 A2 



# 



4 4 * 



d 



m 
o 

ON 



H 
on 

O 
W 



-J 

< 

z 
o 

oo 
O 

z 

N 

I— I 

Z 

o 

u 
z 

oo 

UJ 
Q 
O 
U 



O 

On 



Q 

Q 

< 



o 

o\ 



u 
o 
J 

CJ 

o 
z 

u 

Q 
O 
QC 

Cl. 

W 
OS 



W CO 
O S 

U N_ 

Q 

< 

a, 

00 



CQ 
oo 
-J 



OuuU 



BNSOOCID- <EP 0708S34A2_L> 



18 




EP 0 708 534 A2 




0u 



x 2: ^ 

o ^ r~ 

< 2 H 

q <-> y 

< Q CJ 



BNSOOCIO <EP 0708534A2 1 > 



19 



EP 0 708 534 A2 




20 



• 



EP 0 708 534 A2 



FIG. 8B 



7B 



r 



23-1 



CORRELATOR 



CORRELATOR 



CORRELATOR 



23-n 



CORRELATOR 



24-1 



DATA 

DISCRIMINATOR 



DATA 

DISCRIMINATOR 



DATA 

DISCRIMINATOR 



DEMODULATED 
DATA # 1 



DEMODULATED 
DATA #2 



DEMODULATED 
DATA #3 



24-n 



DATA 

DISCRIMINATOR 



DEMODULATED 
DATA #n 



r 



15 



CORRELATOR 



16 



Ci(t) 

17 



SYNTHESIZING 
CIRCUIT 



CORRELATOR 



C Q (t) 



20 



PEAK DETECTION 
CIRCUIT 



25 



19 



18 



DELAY 
CIRCUIT 



CLOCK CONTROL 
CIRCUIT 



4- 



'"7" 

200 



21 



EP 0 708 534 A2 



OUTPUT FROM 
CORRELATOR 15 

OUTPUT FROM 
CORRELATOR 16 



FIG. 9A 



SQUARE 



SQUARE 




17 

.A.. 



OBTAIN 

SQUARE 

ROOT 



OUTPUT FROM 
CORRELATOR 15 

OUTPUT FROM 
CORRELATOR 16 



FIG. 9B 




OUTPUT FROM 
CORRELATOR 15 

OUTPUT FROM 
CORRELATOR 16 



FIG. 9C 



ABSOLUTE VALUE 



ABSOLUTE VALUE 



17 

.A.. 




OUTPUT FROM 
CORRELATOR 15 

OUTPUT FROM 
CORRELATOR 16 



FIG. 9D 




BNSDOCID: <EP 0706534A2J > 



22 



* 



EP 0 708 534 A2 



© 

T— I 

d 



t 



CJ 

z 

ug 
Q 

CJ 

z 

o 
u 

o 

W ^ 

52 

So 



on 
< 

ft. 



© 

2 
E 



Q 
< 
w 

< 

O 



on 

< 

X 
ft. 



S3 

<t cj 



< 

© 

d 



o 



o 

^ >- 
o oo u 



2 3 

So 

^ UJ 

O Q 



O 

o 



< 



< 
a- 



Q 
u- 
O 

S3 

<cj 
5 o 



BNSOOCID: <£P_0708S34A2J_> 



23 



EP 0 708 534 A2 




O 

U- — 
E — f— 

^ E5 
o o 



o 

a: on 



o 



o 



a- 
E— 



o 

p^; on 

ii 

o o 



24 



EP 0 708 534 A2 




FIG. 12 



RECEIVED 
SIGNAL 



ai - 
a 2 • 

i 

3m- 



4 



<5> 



15A 



15B 



15C 



25 



EP 0 708 534 A2 



# 



FIG. 13 



RECEIVED 
SIGNAL 



23A 



ai - 
a2- 
a 3 - 

i 

i 
i 



■0 



<3> 



4 



23B 



23C 



BNSOOCID: <EP 



26 



* 



EP 0 708 534 A2 



a 



to 




BNSOOCID- <EP O708634A2J_> 



27 



EP 0 708 534 A2 



# 



FIG. 15 



Ct- 



oto 



Ts 



AT 



FIG. 16 



REFERENCE 
SIGNAL ~ 



DELAY 
CIRCUIT 



DELAY 
CIRCUIT 



DELAY 
CIRCUIT 



SELECTOR 



CLK 



PEAK SHIFT 
SIGNAL 



(WSOOCID- <EP 0708534A2J_> 



28 



* 



EP 0 708 534 A2 



oo 



O 

M 



a 
Z 

/ 

Z 





8NSOOCIO <EP O-rc-S.'V.A^ '_> 



29 



i 

EP 0 708 534 A2 



a 

UJ 

u 

D 
Q 
O 
od 
Cu 

&s 



OS 

UJ 

as 

OeS 
< 



oo 

1— I 

a 

PL. 




^ve^or-V <« (T708534A2 I > 



30 



* 



EP 0 708 534 A2 



oo 



ON 

d 



Z 





to 



oo O 

oo 



BNSDOCID: <EP O708634A2J_> 



31 



EP 0 708 534 A2 




FIG. 20 




32 



* 



EP 0 708 534 A2 




d 




BNSOOCID- <EP 0708534A2_I_> 



33 




EP 0 708 534 A2 



# 



FIG. 22 



INPUT 
SIGNAL 



361 



362 



4- 



363 



364 



LPF 



Ich 



365 

/ 



LPF 



Qch 



PHASE CONVERTER 



REPRODUCED CARRIER 



O708S34A2 l_> 



34 



* 



EP 0 708 534 A2 





< 
CO 
CN 

6 

H 





BNSOOCIO. <£P 0708534A2J_> 



35 



EP 0 708 534 A2 



# 



FIG. 23B 



7B 



24-1 





f 

CORRELATOR 




DATA 

DISCRIMINATOR 








CORRELATOR 




DATA 

DISCRIMINATOR 








CORRELATOR 




DATA 

DISCRIMINATOR 




1 r 24-n 




CORRELATOR 




DATA 

DISCRIMINATOR 



DEMODULATED 
DATA # 1 



DEMODULATED 
DATA #2 



DEMODULATED 
DATA #3 



DEMODULATED 
DATA #n 



15 



CORRELATOR 



r 



20 



PEAK DETECTION 
CIRCUIT 

/ 
25 



19 



4 



18 



DELAY 
CIRCUIT 



CLOCK CONTROL 
CIRCUIT 



200A 



36 




o 

CO 



as 

J" 

<<> 
oi Z 

w<0 

oo cu U 



Q 
_J 

D- 



< 

< 



37 



EP 0 708 534 A2 



o 



o 
o 

LLJ 

o 



CO 



o 



O 



o 

o 

UJ 



to 

d 



uo 
o 
-3- 



o 



s. 



o 



Ed 
o 

S^B 



m 
o 



o 



O 



£otu 
coUO 



f 

CO 

O 



O 



o 
o 

UJ 

o 



CN 
i 

o 



o 



i 

s 



o 



z 
o 

^B 



O 



o 



o 



o 
o 

UJ 

Q 



£ o uj 

ooUO 



CO 

O 



uo 
O 



a. 



o 

s^B 



o 



O 



o 

UJ 



o 



o 



BNSOOCID: <EP 0708534A2J^ 



38 



(19) 



Europaisch^MSftentamE 

European Pafffff Office? 
Office europeen des brevets 




EP 0 708 534 A3 



(12) 



EUROPEAN PATENT APPLICATION 



(88) 


Date of publication A3: 


(51) mtci7 H04B 1/707 




24.05.2000 Bulletin 2000/21 


(43) 


Date of publication A2: 






24.04.1996 Bulletin 1996/17 




(21) 


Application number: 95402347.9 




(22) 


Date of filing: 20.10.1995 




(84) 


Designated Contracting States: 


• Myojo, Toshihiko 




DE FR GB 


Ohta-ku, Tokyo (JP) 






• Kato, Ichiro 


(30) 


Priority: 21.10.1994 JP 25671394 


Ohta-ku, Tokyo (JP) 




21.10.1994 JP 25671494 


• Kanda, Tetsuo 




21.10.1994 JP 25671594 


Ohta-ku, Tokyo (JP) 




29.08.1995 JP 22051595 


• Takasaki, Atsushi 






Ohta-ku, Tokyo (JP) 


(71) 


Applicant: CANON KABUSHIKI KAISHA 


• Moritomo, Kazuo 




Tokyo (JP) 


Ohta-ku, Tokyo (JP) 






• Suzuki, Rie 


(72) 


Inventors: 


Ohta-ku, Tokyo (JP) 


• 


Mochizuki, Norihiro 






Ohta-ku, Tokyo (JP) 


(74) Representative: Rlnuy, Santarelll 


• 


Saito, Katsuo 


14, avenue de la Grande Armee, 




Ohta-ku, Tokyo (JP) 


B.P. 237 


• 


Torisawa, Akira 


75822 Paris Cedex 17 (FR) 




Ohta-ku, Tokyo (JP) 





(54) Spread spectrum receiving apparatus 

(57) A receiving apparatus includes a base-band 
conversion circuit, a synchronizing circuit/code genera- 
tor and a demodulator. The base-band conversion cir- 
cuit converts a received signal into a base-band signal. 
The synchronizing circuit/code generator detects a 



spread code included in the received signal to generate 
a plurality of spread codes in synchronization with the 
spread code included in the received signal. The de- 
modulator uses the plurality of spread codes supplied 
by the synchronizing circuit/code generator to demodu- 
late the base-band signal. 



CO 
< 

CO 

m 

CO 

o 
o 

OL 
LLI 



BNSDOCIDt <£P 0708534A3J_> 



Punied by Jouve 75001 PARIS (FR) 



EP 0 708 534 A3 



J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application 

EP 95 40 2347 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (IntCI.B) 



X 

A 



GB 2 210 739 A (HONEYWELL CONTROL SYST) 
14 June 1989 (1989-06-14) 
* the whole document * 



DE 31 31 185 A (SIEMENS AG) 
24 February 1983 (1983-02-24) 

* page 3, line 4 - page 5, line 8 

* page 7, line 17 - page 10, line 

* claims 1-4; figure 2 * 

EP 0 600 710 A (CANON KK) 
8 June 1994 (1994-06-08) 

* the whole document * 



The p-esent search report has been drawn up for all claims 



1-3,5, 
7-12 



1-3,7-9, 

11,12 

4-6,10 



1,2,12 



H04B1/707 



TECHNICAL FIELDS 
SEARCHED (Int.CI.B) 



H04B 
H04J 



Place ol acorch 



THE HAGUE 

CATEGORY OF CITED DOCUMENTS 



X parrinilarl/ relew^ni if taken al:m« 

Y : particularly relevant if combined win snotner 

cocumert tie sane cat ego ry 
A : tschnologcai oackgnsuna 
O . non-wnften disclosure 
P • interrediate czewner: 



Date o ; scmpfctiOT o ; the? scorch 

30 March 2000 



Coppieters, S 



T : theory o- onncio'c underlying the invention 
E : earlier pater: doc-iTert, bjt pLciishc j on. o' 

after the filing rwte 
U : document cried in the application 
L : document cited for ctner reasons 



& : rnember of the same oatem family, corresoond rg 
docunem 



BNSOOCID- <EP Of708S34A3_l_> 



2 



a 



EP 0 708 534 A3 



* 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 95 40 2347 



This annex lists the patent family members relating o the patent documents cltec In tha above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

30-03-2000 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member (s) 



Publication 
date 



GB 2210739 
DE 3131185 



A 
A 



EP 0600710 



14-06-1989 
24-02-1983 
08-06-1994 



NONE 



NONE 



JP 
US 



6284112 A 
5596599 A 



07-10-1994 
21-01-1997 



m For more details about this annex see Official Journal of the European Patent Office. No. 12/82 



BNSOOCID: <EP_0708534A3J_ 




This Page Blank (uspto) 



